Microbial transformation of lapachol, a naturally occurring naphthoquinone, was carried out by Curvularia lunata (NRRL 2178). The fungus brings about oxidative cyclization of the substrate to dehydro-a-lapachone, which was isolated and characterized by nuclear magnetic resonance and mass spectral analyses; its structure was verified by chemical synthesis. The metabolite is a naturally occurring chromene possessing antibacterial and antitumor activities.
Microbial transformation of lapachol, a naturally occurring naphthoquinone, was carried out by Curvularia lunata (NRRL 2178) . The fungus brings about oxidative cyclization of the substrate to dehydro-a-lapachone, which was isolated and characterized by nuclear magnetic resonance and mass spectral analyses; its structure was verified by chemical synthesis. The metabolite is a naturally occurring chromene possessing antibacterial and antitumor activities.
Microorganisms are known to transform a wide variety of naturally occurring antitumor compounds (15) . These transformations are conducted in order to prepare sufficient quantities of metabolites for structure elucidation and biological testing and to identify new metabolic pathways which may also occur in mammalian metabolic systems (16, 17) .
Lapachol (1) is a naturally occurring naphthoquinone derivative found in the heartwood of several species of Bignoniaceae and Verbenaceae and has antimalarial (6), antibiotic (7), and antitumor activities (5, 7) . In a previous report, we documented a novel oxidative ring fission of lapachol by Penicillium notatum (14) . This report describes the oxidative conversion of lapachol (1) to dehydro-a-lapachone (2), a naturally occurring chromene derivative (Fig. 1 Lapachol. Lapachol was purchased from Aldrich Chemical Co., and its characteristics were published (13, 14) .
Fermentation procedures. Preliminary tests identified several cultures capable of metabolizing lapachol, and Curvularia lunata (NRRL 2178) was selected for more detailed work. This culture was stored at 4°C in sealed screw-capped tubes on Sabouraudmaltose agar slants and grown according to the previously described two-stage fermentation procedure (1, 14) at 27°C in a soybean meal-glucose medium of the following composition: soybean meal, 5 g; glucose, 20 g; yeast extract, 5 g; NaCl, 5 g; K2HPO4, 5 g; distilled water, 1,000 ml. The medium was adjusted to pH 7.0 with 6 N HCl and autoclaved at 121°C (15 lb/in2) for 15 min. Synthesis of dehydro-a-lapachone (8) . A solution of 1.0 g of lapachol (0.004 M) in 25 ml of pyridine was heated at reflux for 4 h. The reaction mixture was allowed to cool to room temperature and was diluted with 25 ml of petroleum ether (bp 36 to 56°C) before extraction with two 50-ml portions of water. The aqueous extracts were combined and exhaustively reextracted with benzene. The combined benzene extracts were washed with equal volumes of 0.1 N HCI and water, dried over anhydrous Na2SO4, and concentrated to dryness. The crude dehydro-a-lapachone (0.78 g) crystallized from ethanol as orange needles (0.39 g): mp 142 to 144°C (literature [3] , 143°C); mixture melting point with the metabolite, undepressed at 142 to 144.5°C. NMR (3) 
RESULTS AND DISCUSSION
The NMR spectral comparisons between lapachol (13, 14) and the metabolite indicated that the aromatic ring and the gem-dimethyl groups were still present but that the phenolic hydroxyl group was absent. A pair of doublet signals at 5.60 and 6.53 ppm in the NMR spectrum of the metabolite suggested that a shift in the position of the side-chain double bond occurred. The mass spectrum revealed a molecular weight of 240 for the metabolite with a molecular formula of C,5H1203 and exhibited a fragmentation pattern consistent with a 1,4-naphthoquinone structure in which cleavage occurred at the ketonic oxygen atom. Peaks at m/e 212 and 184 can be explained by the elimination of 2 mol of carbon monoxide from the molecular ion. Fragmentation may also occur by initial loss of a methyl radical followed by elimination of carbon monoxide or ketene, or both, which results in peaks at m/e 225, 197, 183, and 169. These data are consistent with the structure of dehydro-a-lapachone (2). Synthesis of dehydro-a-lapachone from lapachol by refluxing in pyridine gave a compound with spectral and physical properties identical to those of the metabolite.
Dehydro-a-lapachone (2) is a naturally occurring chromene substance which has been isolated from several plant species of Bignoniaceae (2, 19) . It may be formed as an artifact from lapachol under certain conditions (3, 9) , but in our case the control experiments showed that C. lunata produced it as a bona fide metabolite. The mechanism by which (2) is formed from lapachol by C. lunata is uncertain, but at least three pathways for its formation are possible. (i) Ionic or radical mechanisms may be involved.
(ii) Dehydrogenation of lapachol could form an intermediate quinone methide, which in turn may cyclize to (2) . This pathway is analogous to the mechanism proposed by Turner for the biogenesis of naturally occurring chromenes (18) . (iii) An intramolecular attack of an intermediate side-chain epoxide followed by dehydration could occur to provide (2) . This would be similar to the mechanism suggested for the formation of a chromene ring with mycophenolic acid (4, 10) .
Dehydro-a-lapachone has been shown to possess antibacterial (12) and antitumor activities (5, 12) . It is also marginally active against the L-1210 leukemia test system, whereas lapachol itself is inactive.
